Site-directed mutagenesis of tyrosine residues in the lac permease of Escherichia coli.
By using oligonucleotide-directed, site-specific mutagenesis, each of the 14 Tyr residues in the lac permease of Escherichia coli was replaced with Phe, and the activity of each mutant was studied with respect to active transport, equilibrium exchange, and efflux. Ten of the mutations have no significant effect on permease activity. Of the four mutations that alter activity, replacement of Tyr26 or Tyr336 with Phe severely decreases all modes of translocation, and the binding affinity of the mutant permease for p-nitrophenyl alpha-D-galactopyranoside is markedly decreased (i.e., KD is increased). In addition, the Phe336 mutant permease is inserted into the membrane to a lesser extent than wild-type permease, as judged by immunoblot experiments. Permease containing Phe in place of Tyr236 catalyzes lactose exchange approximately 40% as well as wild-type permease but does not catalyze active transport or efflux. Finally, permease with Phe in place of Tyr382 catalyzes equilibrium exchange normally, but exhibits low rates of active transport and efflux without being uncoupled, thereby suggesting that replacement of Tyr382 with Phe alters a kinetic step involving translocation of the unloaded permease across the membrane.